We give a characterization of the partial stable models of a disjunctive deductive database P in terms of the total stable models of a suitably transformed database P tu . The transformation is based on annotating the atoms in the given database by the truth values true (\t") and unde ned (\u").
Introduction
To de ne the semantics of a disjunctive database the ground atoms are assigned truth values. Three truth values are used: true (\t"), false (\f"), and unde ned (\u"). Herbrand interpretations that use the two classical truth values t and f only are called total, while Herbrand interpretations that use all three truth values are called partial.
To de ne the semantics of normal databases, i.e. databases that may contain negation but do not contain disjunctions, either total or partial Herbrand interpretations have been used. The most prominent semantics that is based on total interpretations is the semantics of stable models, which has been introduced by Gelfond and Lifschitz 5] . Van Gelder, Ross and Schlipf 14] have used partial interpretations, and have de ned the so{called well{founded model, which is unique for each normal database. Przymusinski de ned partial stable models by extending the de nition of stable models to three truth values 11]. Then it could be shown that the well{founded model is the unique least partial stable model in the knowledge ordering. The knowledge ordering is very essential, since the minimal models in this ordering determine the consequences of a set of models based on skeptical reasoning.
For disjunctive databases (databases that may contain disjunctions and negation), the semantics of stable and partial stable models can be de ned also, cf. 6, 11] . In the disjunctive case there are usually both many stable and many partial stable models, and there is no unique least partial stable model in the knowledge ordering. Also several extensions of the well{founded semantics to the disjunctive case have been proposed 8] .
The di erent approaches to de ne the semantics of a disjunctive database can be compared as follows: the semantics of stable models is always stronger than the semantics of partial stable models in that it derives more consequences { where the consequences are de ned by skeptical reasoning as those formulas that are true in all models that belong to the semantics of the database. But sometimes there do not exist stable models of a disjunctive database, due to local inconsistencies in the database. In this case the stable model semantics is called inconsistent. The partial stable model semantics is more robust in these cases. It can assign the truth value unde ned to atoms in an inconsistent part of the database, while atoms in other parts are assigned classical truth values true or false. Thus, for many examples the semantics of partial stable models gives a useful interpretation, while the semantics of stable models does not.
Recently, several algorithms for computing the (total) stable models of disjunctive databases have been proposed, e.g. cf. 1, 2, 3, 7, 10]. Brass and Dix 2] show how the stable models can be computed based on partial evaluation. Since partial evaluation can be computed e ciently based on the well{known hyperresolution operator T s P of Minker and Rajasekar 9], this gives a way of computing stable models of disjunctive databases. For normal databases without disjunctions, e cient algorithms have been developed by Niemel a and Simons, cf. 10].
The paper is organized as follows: In Sections 2 and 3 we review the basic de nitions and notation for disjunctive databases, partial Herbrand interpretations and partial stable models. In Section 4 we introduce a concept of transforming a disjunctive database P into a suitable disjunctive database P tu . It is based on suitably annotating the atoms in the given database by the truth values \t" and \u". Then, in Section 5 we give a characterization of the partial stable models of P in terms of the total stable models of the transformed database P tu . This reduces the problem of computing partial stable models to the problem of computing total stable models, i.e., the algorithms that were mentioned above to construct total stable models can also be used for computing partial stable models. Finally, in Section 6 we show that partial evaluation in general can change the partial stable models of a disjunctive database, but based on the transformed database P tu it can be used for computing partial stable models as well.
Basic De nitions and Notations
Given a rst order language L; a disjunctive database P consists of logical inference rules of the form r = A Note that is a disjunction, and thus the negation not is taken to be the conjunction not C 1^: : :^not C n : 2 
Herbrand Interpretations and Partial Herbrand Interpretations
The Herbrand base HB P of a disjunctive database P contains all ground atoms over the language of P . A partial Herbrand interpretation of P is given by a mapping I: HB P ! f t; f; u g that assigns a truth value t, f or u to each atom in HB P . Minimality of partial models is de ned w.r.t. the truth ordering. M is called partial minimal model of P if M is a partial model of P and there is no other partial model I of P such that I < t M. The set of all partial minimal models of P is denoted by MM 3 (P).
A partial model M of a disjunctive database P that is total is called a model of P , denoted by M j= 2 P . If M additionally is a partial minimal model of P , then M is called a minimal model of P . The set of all minimal models of P is denoted by MM 2 (P).
Partial Stable Models
The Gelfond{Lifschitz{transformation (GL{Transformation) of a disjunctive database P w.r.t. a partial Herbrand interpretation M is obtained from the ground instance gnd (P) of P by replacing in every rule that contains default negation in the body the negated literals \not A" by their truth value \:M(A)" w.r.t. M. 3 De nition 3.1 (Gelfond{Lifschitz{Transformation, 5, 11]) Let M be a partial Herbrand interpretation of a disjunctive database P .
(i) For a disjunctive rule r = ^not 2 gnd (P) we de ne r M = ^:M ( ): (ii) The Gelfond{Lifschitz{transformation of P is P M = f r M j r 2 gnd (P) g: The GL{transformation P M of a disjunctive database P is a ground positive{disjunctive database that has as additional atoms the truth values t, f and u. Note that these new atoms must evaluate to true, false and unde ned, respectively, under all partial Herbrand interpretations I of P M . 3 If the negative body evaluates to true w.r.t. M, then the truth value \t" of the negative body can be deleted. Properties of the Annotated Database It can be shown that annotation preserves strati cation: Given a disjunctive database P , the annotated disjunctive database P tu is strati ed if and only if P is strati ed. Based on this, one can give an alternative proof of the well{known fact (see 11]) that the partial stable models of a strati ed{disjunctive database P coincide with the perfect models of P . This fact implies in particular that the partial stable models of a strati ed{disjunctive database P are total.
The annotated database P tu can be seen as a database over two predicate symbols \t" and \u". Then annotated atoms A t and A u in the annotated rules r t and r u can be represented by atoms t(A) and u(A), respectively, where \A" is seen as a term now. In this representation the (possibly in nite) set f A u A t j A 2 HB P g of rules can simply be represented by one rule u(X) t(X); where \X" is a variable symbol for atoms. Then P tu has the size of 2 n + 1 rules if P consists of n rules. This compact representation has been used for an implementation dealing with the annotated database P tu .
Characterization of Partial Stable Models
In this section we prove that the partial stable models of a disjunctive database P correspond to the stable models of P tu .
For any partial Herbrand interpretation I of the original disjunctive database P we introduce the notation I TU for the total Herbrand interpretation of the annotated database P tu that is induced by I tu : t ); which shows the equality (EQ). Finally, note that the rules A u A t for atoms A 2 HB P are also ful lled in I TU because of the structure of I tu .
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Based on the previous lemma, we can relate the partial models of a disjunctive database P to the models of the annotated database P tu .
Lemma 5.2 (Partial Models) Given a disjunctive database P , and a partial Herbrand interpretation I. Then I j= 3 P i I TU j= 2 P tu :
Proof: From the de nition of the GL{transformation it follows that
(1) I j= 3 P i I j= 3 P I and (2) I TU j= 2 P tu i I TU j= 2 P tu I TU : Using the previous Lemma 5.1 for I = M we get that (3) I j= 3 P I i I TU j= 2 (P tu ) I TU : By chaining the three equivalences (1), (2) and (3) we get the desired result.
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The following theorem shows that the tu{representation of the partial stable models of a disjunctive database corresponds to the total stable models of the tu{transformation of the database. The additional model is due to the strange new rule that supports the unde nedness of b based on the unde nedness of u. That support was not present in P 5 .
The unfavorable behavior of partial evaluation in the three{valued setting can be overcome by our method of annotating the database. For the annotated database P tu we can rst perform partial evaluation and then (two{valued) stable models computation to obtain the set of partial stable models of P . This is expressed by the following theorem, which is a consequence of the Theorems 5.3 and 6.2. 5 ) we can see that u u is true in all stable models and u t is false in all stable models. This renders many rules useless, where not u u is contained in the body. The problematic partial Herbrand interpretation induced by I tu = f a t ; a u ; b u ; u u g; mentioned in Example 6.3, is not a stable model of (P tu 5 ) , since the rule b t _ c u not u t and the fact that u t is false require b t or c u to be true.
Finally, based on a known result on supported models, we can conclude that a partially evaluated database P can be transformed to a normal database by moving positive head atoms to the negative body without changing the total stable models. Thus, the e cient algorithms of Niemel a and Simons 10] can be applied for computing total and partial stable models as well.
Conclusions
The computation of partial stable models based on the tu{transforma-tion described in this paper has been implemented within the system DisLog for e cient reasoning in disjunctive databases, cf. 13]. Especially the fact that we could use the technique of partial evaluation turned out to speed up the computation drastically.
Another approach to computing the partial stable models of a disjunctive database based on a program transformation has been developed by Ruiz and Minker, cf. 12] . In that paper, a disjunctive database P is translated into a constraint positive{disjunctive database P 3S , the 3S{transformation of P , in such a way that the total minimal models of P 3S that additionally ful ll the constraints coincide with the partial stable models of P .
An advantage of the new approach, i.e. the tu{transformation, is that e cient algorithms developed for the total stable semantics can be used for computing partial stable models, that the tu{transformation does not need constraints, and that the size of the translated program is only twice the size of the original program plus one.
